Virus Particles and Glycoproteins Excreted from Cultured Cells Infected
with Varicella-Zoster Virus (VZV) (Accepted 4 March 1982) SUMMARY Virus particles and virus proteins excreted from cultured human embryonic lung (HEL) cells infected with varicella-zoster virus (VZV) were examined by electron microscopy and affinity column chromatography using an antibody to VZV followed by SDS-polyacrylamide gel electrophoresis (SDS-PAGE). Approximately 1 × 109 to 2 × 109 virus particles/ml with no detectable infectivity, of which 30 to 80% were enveloped, were observed in the culture fluid 48 to 72 h after infection, when cytopathic effect (c.p.e.) appeared. In the sonicated infected cell suspension, 1 x 109 to 2 x 109 virus particles/ml, of which 30 to 50% were enveloped, were observed and the virus particle/infectivity ratio was approx. 106 : 1. The culture fluid of infected HEL cells labelled with [35S]methionine or [3H]glucosamine was centrifuged at 100000 g for 2 h to remove virus particles and the supernatant was examined for excreted virus proteins. Affinity column chromatography of the supernatant using immobilized human zoster convalescent serum, led to the isolation of virus antigens which were analysed by SDS-PAGE. Polypeptides with mol. wt. of approx. 115K and 45K, both of which were glycosylated, were detected, suggesting that these VZV glycoproteins were excreted from the infected cells.
It has been believed that little or no infectious virus can be released from cultured cells infected with varicella-zoster virus (VZV). However, weak complement-fixing antigenicity has been detected in the fluid of VZV-infected cultures (Weller & Witton, 1958; Taylor-Robinson & Downie, 1959; Svedmyr, 1965; Martin & Palmer, 1973) , while electron microscopy showed that a large number of extracellular mature virus particles were closely packed along the outer surface of the plasma membrane (Becket et al., 1965; Achong & Meurisse, 1968) . This suggested that a considerable amount of virus proteins and virus particles were excreted from infected cells.
In the present study, we have examined virus particles and virus proteins of VZV released from infected human embryonic lung (HEL) cells by counting the virus particles using electron microscopy and by using an affinity column coupled to VZV antibody to isolate virus proteins. Isolated virus proteins were analysed by SDS-PAGE and fluorography.
The Kawaguchi strain of VZV (Takahashi et al., 1975; Iltis et aL, 1977) was used. VZV-infected cells were inoculated on to uninfected cells in 16-oz bottles (approx. cycles of rapid freezing and
Ratio of virus particle to infectivity 57-8 * Conditions of virus inoculation are described in the text. Penetrated and unpenetrated were readily distinguished but it was difficult to know whether or not penetrated particles were artificially made during the preparation of samples. Penetrated particles were not divided into empty nucleocapsid with envelope and full nucleocapsid with envelope, because it was difficult to distinguish some particles into full and empty. Partially penetrated naked particles were considered to contain incomplete cores and were categorized as empty. The term 'empty' means that the core of the particle appears to be penetrated by phosphotungstate and it is uncertain whether all such particles are devoid of cores.
t Expt. 1 in (a) and (b) are part of the same series of experiments; other experiments in (a) and (b) are independent experiments. $ ND, Not detectable.
virus particles. The morphology of virus particles was divided into four categories: enveloped unpenetrated, enveloped penetrated, naked full and naked empty. Table 1 shows that a large number of virus particles (> 108/ml) were excreted from the infected cells. Particle/infectivity ratio of intracellular virus was about 106, while no infectivity was demonstrated for the extracellular virus. As a comparison, a similar count was made for herpes simplex virus type 2 (HSV-2 UW268 strain) preparation obtained after three cycles of rapid freezing and thawing of infected cells. A particle/infectivity of 57.8 was obtained, which is roughly in agreement with those of Watson et al. (1963) . This indicates that the particle/infectivity ratio of VZV is far higher than that of HSV 2, probably due to the instability of VZ virion rather than incompleteness of the virion. The instability of VZ virion may be due to its labile coat (Cook & Stevens, 1968) . The coat of VZ virion would be vulnerable to lysozyme or other enzymes in infected cells and to physical treatment to obtain the cell-free virus (Gershon et al., 1973) . However, we could not distinguish infectious virions and non-infectious virions morphologically because of the very low ratio of infectivity to virus particles even in the intracellular virus preparations. were harvested and centrifuged at high-speed (approx. 100000 g for 2 h) to remove virus particles, and the supernatants (lanes 1) applied to an affinity column of immobilized human zoster convalescent serum. The eluates' !(lanes 2), obtained by washing with 0.2 M-glycine-HC1 buffer, were precipitated with TCA. The supernatants (lanes 1) and the eluates (lanes 2) were analysed by SDS-PAGE (10% slab gel) and fluorography. The marker proteins used for the determination of the mol. wt. of the polypeptides are given in full in the preceding paper (Shiraki et al., 1982) . Short communications [3H] glucosamine from 24 to 48 h after infection respectively. After 48 h incubation, the culture fluid was harvested and centrifuged at 2000 g for 20 min at 4 °C followed by 30000 rev/min for 2 h at 4 ° C in an SW41 rotor (Beckman). The resultant supernatant was shown to contain no virus particles by electron microscopy and then applied to the affinity column. Affinity column coupled with VZV antibody (human zoster convalescent serum, complement fixation antibody titre 1:2048) was prepared as described in the previous paper (Shiraki et al., 1982) . After an extensive wash with PBS, virus antigens were eluted with 0.2 M-glycine-HC1 buffer pH 2.6. The eluate was precipitated with 5% trichloroacetic acid (TCA) and analysed by SDS-PAGE. First it was observed that a considerable amount of radioactivity was incorporated into host proteins and glycoproteins in the supernatant of the culture fluid (Fig. 1 a, b, lanes 1) . However, after application of the supernatant to the affinity column, two bands with estimated mol. wt. of l15K and 45K were readily detected in both [3~S]methionine-and [3H]glucosamine-labelled supernatants, suggesting that these two glycoproteins (possibly gpl and gp6) were excreted from VZV-infected cells (Fig. l a, b, lanes 2) . Other virus glycoproteins were not detected, but it is unlikely that the reactivity of this serum was limited to the above two glycoproteins, because all other glycoproteins of VZV were detected when this serum was used for immunoprecipitation of VZV-infected cells (data not shown).
It has been reported that in HSV infection a few glycoproteins are excreted from infected cells (Kaplan et al., 1975; Pennington & McCrae, 1977; Norrild & Vestergaad, 1979; Randall et al., 1980) . A similar mechanism might be involved in excretion of virus glycoproteins from VZV-infected cells.
The culture fluid of the VZV-infected HEL cells was reported to be a good source for preparing VZV skin test antigen (Asano et al., 1981) . The present study suggests that either or both of VZV glycoproteins with mol. wt. of 115K and 45K are closely correlated with cellular immunity against VZV. Isolation of VZV glycoproteins is now under way, studies of which would clarify the immunological role of VZV glycoproteins. This work was supported by grant no. 548152 for Scientific Research from the Ministry of Education, Science and Culture, Japan.
